The failure mode features which depended on the degradation conditions or loading conditions were obtained from the tests. The stiffness of the pipe was affected by the existence wall thinning, but not by cracks. The failure modes for thinned wall pipes were affected by the occurrence of the ratchet phenomena. The configuration of wall thinning and the type of applied bending load affects the degree of occurrence of the ratchet phenomena. Input acceleration [Gal] decrease as the wall thinning ratio increase decrease as the elastic-plastic behavior proceed
The dominant frequency of piping system models … Narrow band random waves were used for the shake table test To compare the elastic-plastic behavior of the several piping system models which have a little different dynamic characteristics by the same input acceleration. To produce a large elastic-plastic deformation and cause failure even though the dominant frequency of the model changed due to the elastic-plastic deformation or the existence of degradation The effects of degradation on the vibration characteristics and the deformation of the piping system were obtained through the excitation tests. The dominant frequency of the piping model was affected by the existence of wall thinning, but not by crack. The failure mode of the degraded piping system was mainly due to fatigue failure with ratchet deformation at the weakest elbow, or fatigue crack propagation from the initial crack. Unstable failure did not occur except for the model with a full-circumferential deep crack.
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Failure mode of piping system Applied load level in the 3-D piping system tests: about 16.5Sm
(calculated as the model has no defect)
Allowable load level by current Japanese code: 3Sm (caused to the model at 320Gal input)
• Piping system without degradation and with wall thinning withstood several times input over 3Sm input level • First excursion failure did not occur for all test models though the input acceleration was risen up to 5.5 times larger than the allowable load level
Fatigue failure accompanied with ratchet deformation
In the case of wall thinning:
Fatigue crack propagation from the initial crack
In the case of crack:
• The maximum applied moment and the histogram of the moment should be estimated. The failure mode of piping systems with degradation is considered to be mainly fatigue. First excursion failure did not observed in the tests.
The maximum applied moment and the histogram of the moment should be estimated. For the piping system with crack, the estimation of response of piping system and the integrity at cracked part can be done independently. For the piping system with wall thinning, the effect of degradation should be considered to estimate the response of the piping systems with wall thinning.
